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Introduction

One of the most perplexing problems facing a number of developing
countries is that of unemployment. Industrialization, it is generally
thought, has not done its share to absorb labor. It appears that the tech-
nolegy which is used carly in the inductrialization process is capital
intensive, borrowed from the advanced countries. A part of the answer to
the unemployment problem, according to many, is to turn to "intermediate
technology," technology that involves less capital and more labor than that
which is in general use in the advanced countries.

If the businessman behaves like an "economic man," he should, accord-
ing to traditional wisdom, choose an intermediate or a labor~intensive
technology when he is operating in a less developed country with low wage
rates and high costs of capital. By choosing appropriately, he will minimize
his costs of production and simultaneously raise employment. Although much
has been written about the possibilities, relatively little fieldwork has
been done,

Most of the literature on the choice of technology fits into one of
four categories. Some work deals with what the criteria should be for a country
that is faced with a choice of alternative technologies.l Some deals with
the feasibilicy and costs of alternatives, in the form of studles of various
possible techniques.2 Other studies ask what can be learned of the choice
of entrepreneurs from an examination of aggregated data.3 Very little empirical
work has been done at the firm level to examine how the businessman actually

4 ..,
beliaves, This study of technology in Indonesia is an attcmpt to help to
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close the gap.

The principal finding of the research is that the businessman probably
does not behave solely as an "economic man." Economics puts a constraint
on his behavior, but he may also have a rival objective function, which
could be described as that of an "engineering man." Policies to encourage
the use of intermediate technology must take into account this rival objec-
tive function, which appears to influence the design of plants in less
developed couutries.

The Rante of Technology

The first question mark about the appropriateness of the model of the
economic man comes when one is confronted with the wide range of technology
that exists side by side in Indonesia. Some of the differences in technology
can be explained by the fact that different investors face different factor
costs, but a iarge unexplained residual is left over.

For this study, data were collected on the technnlogy used in 50 plants
in.Indonesia. Plants were visited in Djakarta, Bogor, Surabaja, Malang,
and Medan. 1In six indust;ies, plastic sandals, cigarettes, soft drink
bottling, biéycle and vetjak tires,5 flashlight batreries, and woven bags,
data covared four or more plants preiucing comparable products.6 For this
core sample of planis, systematic comparisons of technology could be made,
The remainder of the plants also appeared to fit the patterns observed in
the core sample and reported in the tables. "The quotes draw freely from
the larger sample.

In four of the six industries, there seemed to be technologies that
lent themselves to classification into "capital intensive," "intermediate,"

and "labor intensive" catrgories. Appendix B gives details of how the



plants vere classified; the following table gives the number of firms in

each category by industry.

Insert Table 1 here

The difference in employment created under these alternative tech-
nologies is rather striking. To take the cigarette industry as an example,
where calculations of workers required to produce one million clgarettes
per month is a common measure of automation, the employment implications are
significant, In the capital-intensive class, the median of the range of num-
ber of workers required was 3; in the intermediate class, 6; in the labor
intensive class, 40. For the volume of cigarettes manufactured by the firms
interviewed, this means 3009 workers if all firms were using the capital~-
intensive technology, 6018 workers under intermediate, and 40,120 workers
under the labor-intensive techniques. Appendix D shows that the choice of
technology has similarly important implications for the employment in other
industries, Choice of téchnology clearly has.major implications for employ-
ment In the manufacturing sector.,

Different Factor Costs

The range of technology observed in Indonesia could, of course, be
explained by market imperfections that lead different firms to have different
factor costs. Each manager may be behaving as an "economic man," arriving
at solutions to the problem of choice of technology that are different from
those of some of his competitors because of the different costs of labor and

capital that they face. The overall data give some credence to this thesis.
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However, a more detailed examination sheds considerable doubt on the
ability of differcnt factor costs adequately to explain the range of
technologies.

It is true that the foreigner is disproportionately represented
in the firms using the more sophisticated technology.7 And he is likely
to face a lower cost of capital than the domestic firm. The following
table clearly demonstrates the higher propensity of the foreign firm

to adopt a capital-intensive process.

Insert Table 2 here

Both of the foreign firms using intermediate technology were inter-
esting cases. One had plans to buy new equipment that would put it in the
"capital-intensive" class. Both were employing second-ihand equipment from
their factories in other countries.

Three bits of further evidence are availahle to support the idea
that the breadth of téchnology might be a response of an "economic man" to
different labor costs.

First, the foreign firms rather consistently pay higher wages than

do the domestic firms, as the unext table demonstrates:

Insert Table 3 here

The differences are large for both the skilied jobs and the
unskilled tasks and cannot be accounted for by differences in industry mix,

location, or paywent in kind. Thus, the foreign plant's choice of capital-

intensive technelogy could result not only from access to cheaper capital,



but from the fact that the foreigner pavs higher wages than the domestic
eNnUerpYise pays.

The sccond bit of evidence comes from the subsidized ''medium term
investment credit program.'" Those firms that have received moneyAat 127
annual interest under this program scem generally to have chosen a more
sophisticated technology than their domestic competitors who are forced to
pay the marker rate of 24-36%. One of the three domestic firms using
capital-intensive technology was financed under this program, while only
three of the 20 domestic firms using intermediate technology and none of the
firms using labor-intensive processes were employing this subsidized capiFal.

Additionally, the state enterprises seem to be consistently more
automated. than their privateicounterparts. One of the domestic enterprises
employing a capital-intensive process and not financed under the "medium
‘ term investment credit program" was state owned. Two cf the plants employing
intermediate technology were state enterprises, while none of those with
labor-intensive technology were owned by the government.

The state enterprises may receive subsidized capital, and Table 3
indicates that they face higher wage bills than their private competitors.
Their choice of more vophisticated technology may be justified under a
purely economic objective function.

However, some of the statements of the managers of various enterprises
raise questions about the usefulness of the simple model of the '"economic
man" for explaining fully the decisions that are being made.

The following quotves were not atypical:

1. After noting that the machines in the process of being scrapped were

capable of producing a high quality product, one foreign manager explained



the .replacement of the intermediate ecquipment with sophisticated
equipment as follows:

"You have to modernize to stay ahead of the competition."
This statement came in spite of the facts that there was a ban on the
import of the product and that there were no other firms manufacturing
the product locally., When asked what he was going to do with the old
equipment, he explained that he was going to cut it up and scrap it.
He would not sell it because:

"Some of these Indonesians can get any old equipment
running."

The manager of a hand-rolled cigarette factory answered the question
as to which technology was cheaper by assuring me that automated cigarette
factories had the advantage. When asked why he did not introduce machines,

he explained that:

"The interest payments on the money we would have to borrow
would exceed our wage bill."

When challenged with the possibility that this statement might be incon-
sistent with his claims on costs, he responded that the automated plant
would be cheaper in "the long run."
Another manufacturer who was using young girls to attach labels by hand
to his products explained that he was ordering a machine to replace them.
When asked whether it was cheaper to attach them by machine, he explained
that he did not know, but the girls were a lot of trouble:

"They just cause management problems."
The manager of a plant with both an automatic line and a semi-automatic
line explained that he was converting the semi-automatic to fully auto-
matic as soon as possible. He wanted to produce a "high quality product."

The output of both lines was already meeting the standards of the foreign



licensor and was considered amwong the best in Indonesia by the firm's
competitors. It was not clear that further automation would improve
the quality, at least in a way that consumers would notice.

If the different factor costs are the principal considerations
that lead to the different choices of technology, the engineering data should
support the different choices by indicating that the capital-intensive
technology is suitable for the foreign firm and the domestic firms with
subsidized capital. The data, however, point to a rather different conclu-
sion. At any reasonable set of capital costs that a firm in Indonesia
might face, the economics of the situation point to the conclusion that the
choice of capital-intensive technology requires an investment per worker
saved that is far beyond that which would be consistent with the actual
wages paid by the domestic firm, the foreigner, or the state enterprise.

The Investment to Repnlace a Worker

One way of determining whether firms are behaving as classical "economic
men" is to calculate the incremental investment made per worker saved in
one level of technology compared to the next lower level. The data collee~
ted from firms enabled calculations to be made for several of the industries.,

In the choice between the labor-intensive processes and the intermediate
level, the model of the "economic man" appears to be of some value in
explaining the choice of technology. Unfortunately, only the cigarette and
soft drink bottling industries could be analyzed for this step.

The incremental investment for machine rolling of cigarettes, compared
to hand rolling, was between $50 and $120 per worker saved. For soft drink
bottling, the additional investment for semi-automatic bottling compared to

hand bottling was on the order of $833 per worker saved.9



The annual wages of the cigarette rollers run on the order of
$100 per year. Thus, even with the higher investment figure of $120 per
worker, a capital cost of 36%, and a maintenance or depreciation cost of
10% per yecar, the annual capital cost of saving a worker is only about $55,
or considerably less than the annual wage of a worker. These figures sug-
gest that hand rolling of cigarettes continues only because of the unavail-
ability of capital even at 367 interest, beccause of the differentiated excise
tax that favors hand-rolled cigarettes, or because the consumer prefers the
"low quality" hand-rolled version.

On the other hand, semi~automatic bottling may be a poor invest-
ment for firms that must pay 36% for their capital. The annual capital and
maintenahce costs would be on the order of $383, considerably abcve the wage
rates in Indonesia. Note, though, that a foreign firm, with an 8% interest
rate and the same 10% maintenance cost, would face an annual capital cost
of only $150, below the annual cost of an unskilled worker in a foreign-
owned plant.

It is perhaps not surprising that hand bottling was done by
domestic producers only. Semi-automatic equipment was operated by foreign
and domestic-owned enterprises.

In the case of the choice between the intermediate technology and
the capital-intensive lcvel, the findings are rather different. Calculations
could be made for critical processes in five of the six industries. The
average investment per worker saved was $6,986. The range was from $2,000
to 521,500,

If the foreigner 1s able to raise capital abroad for 8%, and the
replacement and maintenance requirements amount to 107 per year (or a 10 year

life for the equipment), the annual wage that would have to be saved by an



"economic man' would,'for the average $6,986 investment, have to exceed
$l,260'per year. The actual annual cash wage for foreign firms averaged
about §225. Even vith a high cost for social expenses, it is unlikely that
the real costs of a worker could approach this figure in Indonesia. Nor
is it likely that wages will reach that level in the near future,

At the low end, an investment of $2,000 per worker, the 18% capital
costs amount to $360 per year. It is possible that the wages pPlus social
costs of an employee for the foreign-owned plant could reach this level.
However, in only two industries was the investment below $3,500.

In spite of the fact that the capital costs involved in the capital-
intensive technology generally far exceeded any possible wage savings, such
investments were frequent, and were being contemplated by many firms now
using less automated techniques. The simple calculations suggest that these
decisions did not make sense from the point of view of an "economic man" who
wants to minimize costs.

Other Economic Factors

Three more complicated economic justifications should be disposed
of before the model of the economic man is modified substantially or is
allowed to be pushed to the back seat:10 1) The costs of developing more
labor-intensive techniques may exceed the benefits of using known technology
for the foreign firm; 2) the quality of output may not be sufficiently high
or consistent with the intermediate technology; and 3) the intermediate tech-
nology may waste raw materials to an extent that their costs outweigh the
benefits of the net savings on capital and labor,

These themes appear so frequently in the literature on choice of |

technology that they almost certainly have validity in many instances. They
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did not, however, secm to go very far in explaining what was observed in the
light manufacturing plants that were included in this study.

Where the intermediate technology has to be developed from scratch,
or even has to be copied from others, the development costs may well outweigh
the benefits to be derived frem lower operating costs. One of the plants
I visited while I was interviewing for this study had attempted to develop
a new tcchnology. After large expenditures on engineering and construction,
the mznager found himself with machines that did not function. Further,
unexpected expenditures on modifications were already underway. However,
the managers of the plants included in this study of light manufacturing
were generally well aware of and understood the intermediate alternative,

In fact, many of the foreign firms had taken over a going'enterprise as a
Joint venture, or had been given back a plant that had been nationalized under
the Sukarno regime. In most such cases, the plant was already operating with
an intermediate technology. However, in spite of the economics and knowledge
of alternatives, the firms had already converted, or were in the process

of converting, the plant to the more capital-intensive technology.ll Ignor~
ance or cost of developing intermediate technologies was not the problem.

The quality issue is a difficult one. Engineering standards and
consumer standards of quality do not seem always to agree. Quality was
frequently mentioned as a reason for increased automation. However, several
facts point to the conclusion that the supposed quality differences were
either not real, or were not perceived by the consumer as being real.

In one industry, product test data from engineering tests were
available from three firms, covering the output of competitors. The products

that ranked highest in level of quality and lowest in variance from this
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level came {rom manufacturcrs whose processes extended well into the range
of intermediate technology. One of these plants was the one mentioned in
the previous quotes that was operating an automated line next to an inter-
mediate technology line. The output of both was meeting the high standards
of the foreign licensor.

In other industries, I asked firms to rate the quality of com-
peting products. Again, the highest rankings extended well into the range
of intermediate technology.

In the case of cigarettes, a rather special industry in Indonesia,
the engineering standard of quality seemed to conflict directly with the
standards of a sector of thg purchasers. Machine rolled kretek cigarettes
were having a difficult timé taking a share of the market from the hand-erolled.12
The even burning, crackle free characteristics of the machine-rolled seemed
to be liked less by the kretek smoker than the uneven, noisy, hand-rolled
variety. Machines had also not been developed to reproduce the slightly
irfegular, flared shape of the hand-rolled variety, which seemed to be liked
by the consumer,

Thé labor-intensive techniques did generally produce a product that
was inferior, at least by engincering standards, to that of the more capital-
intensive technologies. The hand-bottled soft drinks were, for example,
probably not terxibly hygienic. Foreign matter could easily be introduced
by accident into the bottles. And flies swarmed around the ingredients be-
fore they were hand mixed. The flashlight batteries made by the labor-
intensive techniques were more subject to leakage than were the others. The

case of consumer preference for hand-rolled cigarettes is probably an anomaly.
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However, the intermediate technologies did scem capable of produc-
ing products of a ‘quality that was consistently as good as that of the
capital-intensive techniques.

Coutrary to expectations, the saving of raw material was never
mentioned by the firms that were interviewed as a reason for choosing auto-
mated production processes. 1In faét, saving of materials appeared occasion-
ally as a rcason for not automating. The automatic looms in the bag-making
plants produced more rejects than the semi-automatic. Simple manual cutters
got more soles for sandals out of a piece of foam plastic than did the auto-
matic, ganged ones. And so on. In process industries, saving of raw
materials may be a justification for automation. Not in the firms in this
sample.l

Even these somewhat more sophisticated versions of the model of the
"economic man" seem insufficient to explain the choice of technology. One

must look for other explanations.

Oligopoly and Capital-Intensity

One impression which was consistently reinforced in the interviews
was that the Indonesian entrepreneur wanted as much as his foreign counter-
part to have an automated plant. The suggestion was that somehow the foreign
firm wa§ in a position to fulfill this desire in more cases than was the
domestic investor,

In fact, a better explanation than nationality of which firms had
chosen capital-intensive techniques secmed to lie in the degree of monopolistic
advantage that the firm was able to exercise.

The monopolistic position of the firms using capital-intensive tech-

nology was evidenced by several factors. All but one of the foreign firms
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that were interviewed were using international trade names. The one excep-
tion had been operating in Indonesia for more than thirty years, It had
developed brands that it did not use in other countries, but ones which

were thought by most consumers to be internationmal. These brand names had
given these foreign firms a position such that price was not the basis of
competition, On the domestic side, monopoly also played a role. Of the three
domestic firms using advanced technology, two had monopolistic positions,

One was using an international trade name under license; one was a state
enterprise that sold almost all of its output to another state enterprise,.

In the intermediate technology category, there were only two
domestic firms using international trade names. Both of the plants were
noticeably more automated than the other domestic firms in the same industry.

Price of the product serves as another indicator of monopoly posi-
tion. The average price of the product of the capital-intensive plants was
considerably higher than that of the intermediate level, in those cases for

which data were available. The following table indicates the differences:

Insert Table 4 here

Note that although the firms with capital-intensive technology all
do produce a high quality product, their products do not appear to rank
higher in level of quality or consistency than the besf of their competitors
who do not have international trade names. Their prices, though, are higher.

Further hints that monopolistic advantage, not "foreign-ness,"
underlies capital-intensity is given by the cases of foreign firms outside
the industries studied systematically.15 In tgose cases, my impression was

that where trade names were not important, firms appeared to employ a much
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more labor-intensive technology than they used at home.

The Drive Toward Automation

There appear to be a number of factors that drive firms toward
more capital-intensive techniques than would be suggested by .the simple
cconomic models. The managers appear, in many cases, to want to respond
to certain elements of risk and uncertainty. Capital-intensive plants
seem, in some iInstances, to serve an insurance role. And some managers
seem to be driven not only by simple economic objectives, but also by
objectives that could, perhaps, be best descri’ °d as those of an "engineer~
ing man," But the ability of a manager to pay the cost of insurance
against risk and uncertainty or to let the engincering objectives have their
play is guch greater for the'firm that has a monopolistic position than for
the one that faces severe price competition.

There are at least two kinds of insurance coverage that a capital-
intensive plant might offer which the labor-intensive plant does not:

1) the capital-intensive plant may allow the manager to - :spond more quickly
to unexpected fluctuations in demand or to levels that are different from
that for which the plant was designed; and 2) the capital-intensive plant
may be perceived as allowing the manager to reduce the risks of facing a
future liquidity crisis.

Consider the problem facing an entrepreneur who confronts a market
for which the level of sales are uncertain or are likely to vary consider-
ably. 1f the technology that minimizes costs is one that makes it difficult
to‘adjust plant output to levels other than the one for which it was designed,
the entrepreneur may decide to opt for a technology that does not minimize

costs, but which allows for easy adjustrent of output,



In many cazes, the capital-intensive techniques are more readily
zdjusted to differént levels of demand. It is generally easier, for
example, to add a few more workers to run the critical machines in an auto-
mated plant at night .han it is to train a large work force to do the addi-
tional hand work regyulred to expand»the output of the Labor-intensive factory.
Or, if demand falls below expectations, a few workers can run the machines
part-time or at a slower pace in tk : capital-intensive plant. In the
labor-intensive one, massive lay-offs may have to be made. Lay-of+ are
unpleasant, and very costly in a country such as Indonesia whose labor laws
make lay-offs or diemissals difficult. The alternative may be to have the
employees work more slowly; the result may be work habits that are hard to
change should production have to be expanded again.

If the insurance again;t errors in demand projections is worth-
while, the question remains as to why only the monopolists pay the insurance
premium., The answer probably lies in the fact that the individual entrepre-
neur who is faced with price competition is worried that his competitors may
not saddle themselves with the insurance premium in the form of higher pro-
duction costs. If some competitors do not buy the insurance, and the origi-
nal market forecasts turn out to be correct, then the firm with the insurance
may be driven out cf business. On the other hand, if the market forecaéts
are too low, the uninsured firm may miss some opportunities to profit from
quick expansion of his output. But he is not driven out of business. Only
if the market forecasts are too high will he be threatened. His response
may be not to pay the insurance, and to train a work force that is capable
of producing an output on the low side of his projected sales. He may

increase the chances of his survival.
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Note that the monopolist may be able to afford the insurance. As
long as the price of iis product is sufficiently higher than that of his
competitors, he can bear the higher production costs at the expected
demand level, supply an unexpected larger market, and contract easily if
the market declines below that for‘which his plant is designed.

In fact, in many cases, the rewards to the vertically integrated
monopolist are especially great if he can respond to an unexpectedly larger
demand. 1If the operation is only an assembly, bottling, or packaging plant,
for a premium jin the form of higher costs that represent only a very small
proportion of total costs, he can have the chance of selling more inputs
that may come from existing capacity in his other plants. The design of a
foreign-owned pharmaceutical plant may provide a good example. The plant
makes tablets and capsules from the products of other operations owned by
the same parent. The incremental contribution to the multinational system
of plants from the sale of a bit more chemicals is very high, if they come
out of existing capacity elsewhere in the business, The higher costs of the
capital-intensive plant at the final stage in the developing country may
easily be offset by the additional profits that come from the use of more
intermediates from affiliated firms if the plant is such that its output can
be adjusﬁed quickly to different levels of demand.

The second kind of insurance that a capital-intensive plant may
offer is one against a cash bind. This insurance is best exemplified by the
several managers who claimed that capital-intensive plants were "cheaper in
the long-run," in spite of the fact that an economist would conclude that
a labor—intensivg operation had lower costs. There are basically Ewo ways

of handling capital costs when a plant is being designed. One is to evaluate
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the capital costs at an oppoitunity rate, In Indonesia, for example, money
could be placed in the private market to earn 36%. This alternative use of
the money provides the implicit cost of capital, and any investment, accord-
ing to the economist, should bear this cost. A second approach is to treat
only the cash costs incurred by the enterprise. If money can be borrowed
at, say, 247 for five years, the costs are only those of paying this
interest and the principal over the period. This kind of calculation ignores
the possibility of investing the money in something other thau the plant,
and the costs of the capital disappear from the calculation at the end of
five years. This latter approach was generally used by Indonesian business-
men. They considered themselves as being in the "sandal business," and not
in the "money-lending business." Alternative uses of the.funds were not
relevant. And the capital was generally considered to be available for the
purchase of equipment, but not for placement in the capital market. Under
these assumptions, the capital had a "cost" for the first five years, but
none therecafter.

A manager with this perception was usually concerned ounly as to
whether his cash flow would cover the costs of debt for the period of the
loan, Thercafter, he had free machinery with low cash costs of operation.
The fact that he could have used the money for something else and obtained
a higher return was irrelevant,

If he could survive the heavy cash drain for the period of the
loan, he would be in an excellent position to survive later. His out—of-
pocket costs for the operation of the capital-intensive plant would be low
once the loan was repaid. It would be hard for any competitor to drive him

out of business. However, to bear the high costs during the loan period, he
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needed a temporary monopolistic position. If he could project such an advan-
tage, he could bear the higher costs and be assured that he would not be
driven out of business later if price competition turned out to be the game,
In Indonesia, there were enough plants sitting idle to make the entrepreneur
worry about the results of such price competition in the future. Where
price competition had become vicious, as in plastic sandals, some of the
plants using intermediate technology were unable to cover their operating
costs., Those with automatic equipment were able to cover their cash costs,
although they were not covering their capital costs, if these were properly
assessed. The fact that prices should return to average costs in the long
run was not likely to console the entrepreneur whose plant was closed due
to lack of cash to pay for labor and raw materials, It was this outcome
against which a capital-intensive plant provided some degree of insurance.
While part of the drive toward capital-intensive technology may
be explained by the desire of the oligopolist to insure against risk and
uncertainty, a large part seems also to be a response to some objectives of
the "engineering man.'" These are:

1. Reducing operational problems to those of managing machines
rather than people.

2. Producing the highest quality product possible.

3. VUsing sophisticated machinery that is attractive to the
engineer's "acsthetic."

Of course, reducing management problems could be viewed as an
economic objective, if management is considered as a production factor and
management attention that is freed from problems associated with people
could be devoted to other money-making activities, with a higher return.
llowever, there is no reason to expect the opportunity cost of managers of

plants in an oligopolistic position to be higher than those of plants in a
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more competitive narket. The drive appears to be only partly a response to
economic opportunicy costs.

Similarly, the production of a high quality product could be viewed
8% an economic objective, if quality increases the sales sufficiently to
oifset the higher production costs. But the concept of quality appeared to
go far beyond that which had a meaning to the customer. And, although
veriances in quality would be a major problem in the very labor-intensive
technelogies, it did not seem to be an issue with the intermediate tech-
rniques.

It should not come as a surprise that engineering objectives play
a role in the choice of technology. After all, most plants are designed by
enginreers. And that engineering objectives should sometimes depart from
economic objectives should also not be surprising, It has long been recog-
nized that scientists are responsive to objectives not easily captured in
economic models. Engineers also have a training that may instill in them
non;economic values. Responsiveness to these values is no less "rational"
than is a response to economic values.

It is worth noting that few of the Indonesian firms did any calcu-
lations to investigate the appropriate technology to employ. On the other
hand, most of the foreign firms required some kind of feasibility calculation
before new equipment was installed. However, the feasibility studies that
were done did not generally compare one technology to an alternative. The
most common type of study was an engineering study in which the economic
return was calculated only for the equipment proposed by the engineers;
no comparison was made to alternative techniques. In fact, in ome case, the
calculations were done in the United States, by a "feasibility team" made

up of engineers who had not visited Indonesia. The suggestion was that
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U.S. wage rates might have been used in the calculations, The manager ex~
plained, when asked about the effect of lower wage rates, that "you get
what you pay for in productivity."

Constraints on Automation

If a firm is forced to compete based on price, economics provides
a brake on the degrce to which management can allow the engineering objec-
tives to override the economic ones and a limit on the ability of a firm
to use capital-intensive technology to insure against risk and uncertainty.
The research indicated that there are other brakes. 1In fact, only one of
the sophisticated plants was described by management as being as automated
as would be a similar plant in an advanced country.

The principal brake for the firms with inelastic demand seemed
to be the problems of maintaining and operating advanced equipment in a
developing country. In fact, one domestic firm had installed very sophisti-
cated machines, but was gradually disconnecting the automatic controls as
they broke down. And most of the complaints about the quality of Indonesian
labor came out of the plants with the most capital-intensive technology.
Maintenance and operation of the sophisticated equipment was requiring scarce
skills,

The laber laws appeared to provide some brake for firms already
in operation. A few managers explained that they had firm plans to automate,
but could not do so immediately because they were not allowed by the govern-
ment to release the workers made redundant. As soon as natural attrition
of workers enabled them to deo so, they would proceed to a more sophisticated

technology.

And for some of the very labor-intensive firms, the inability to
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raise copital at any price seemed to act as a brake on moving to intermediate
technology. Some were unable to borrow from the state banks, and did not
have the contacts to raise moncy on the quasi-legal private money market.
What from the private economic view looked like an attractive movement up

the scale of technology was constrained by the unavailability at almost

any price of the required capital.'

Conclusions

This study has only begun to probe the complex factors that influ-
ence the manager in his choice of technologies. The simple combination of
production functions and factor costs is clearly inadequate to the task.
There are many promising hypotheses waiting to be tested.

In this study, a surprisingly wide range of technology was found
to exist in the same industry and country. The breadth is probably partly
a result of the fact that the st;dy examined only "light manufacturing."
However, the factors that influence these managers in their choice of tech-
nology are probably similar to those in other kinds of industries.

The capital-intensive techniques were generally associated with
foreign investors., However, they seem to be'more closely associated with
investors who had some monopolistic position. Foreigners happened to be in
such a pbsition more frequently than domestic investors. However, the drive
tovard capital-intensive plants seemad to be similar in both the foreign and
domestic managers.

The managers' choice of technology appears to be influenced by two
objective functions, which, in low wage countries, are generally conflicting.
The first objective, that of the "economic man," is to minimize costs. This

objective leads to a relatively labor-intensive production process. On the
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other hand, the objective of the "engineering man" leads toward more sophis-
ticated, automated technology. Where price competition is the rule, the
objectives of the "economic man" seem to override these of the "engincering
man." However, when the firm has a monopolistic advantage, there is a
reduction of the pressure on the firm to minimize costs to survive; the
goals of the "engineering man" are allowed to move the firm to a level of
technology that is more advanced than that which the "economic man" would
choose.

Although the foreign firm is frequently in the position of haviug
an oligopolistic position, the local firm appears in this study to behave
the same as the foreign firm when it has such an advantage. Both have their
"engineering men,"

Additionally, capital-intensive plants appear to provide some
degfee of insurance against risk and uncertainty. Under some circumstances,
only the firms that have a monopolistic position can afford to pay the
insurance premium, in the form of higher production costs, associated with
the capital-intensive. choice.

The relative importance of the insurance factors and the engineer—~
ing objectives have not yet been examined.

In the advanced countries, there may be little conflict between
the economic and the engineering objectives. With high labor costs, automa-—
tion is the direction sought under both objectives. And insurance is gained
automatically. It is possible that the range of technologlies that exists
side by side in an advanced country will be less than that found in Indonesia.

Considerable evidence has been accumulated in macro studies which

shows that the average capital to labor ratio for individual industries in
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the high wage cecuntries is preater than that in the low wage countries.
It is possible that the range of techrolozy employed in the low wage
countries is also greater than that cmployed in the high wage ones. The

pattern may be that illustrated in the following sketch, where the shaded

band indicates the technology employed:

Chart 1

Capital/Labor Ratio

Labor Cost/Canital Cost

Although relative factor costs play a role in the selection of
technology, there appear to be other influences on the managers' decisions
which are of critical importance to the policy maker who is interested in

the employment effects of iudustrialization.



There are at Téast Len kinds of insarance Coverame that a canital-
intersive nlant minvt offar wiich the Takor-intensive plant does not: 1) the
carital-intensive nlant mav-alloy the penacar to resnond rore auickly to
Unexrected Fluctuations in dorand or 1o 1avals that are difforent from that
for vhich tho nlant 1og 2sirady and 2) the canital-intensive plant may
be nercojved ag allowinn the ranajer to reduce the risks of facing future
Hauidity crises,

Considar the prohlen facing an entrenreneyr who confronts a market
for 1hich the leval of sales 1is uncertain or is Tikely to vary considerahly,
If the technolonoy that minimizes costs i one that makes it difficylt to
adjust plant outnyt to Tevels other than the optimal desian output, the
entrenrenour mav decide not to adqnt it. e mav decide to adopt a technology
that allows “np pagy adiustment of outout, even thounh it antails a higher
unit cost of nraduction.

In manv cases, the more canital-intensive techniques are rmore readily
adjusted ta diffarent Tevels of cewand, Confronted with snoradic and
unnredicted increasas in demand, the fanater can rore easilv run an added
shift in an autorated nlant than he can install the necessary comnlement of
workers in a lahor-intensive plant. In the lahor-intensive nlant, large
numhers of additional vorzers will have to he recruited and trained. Mith
brief cortractions of derand, automated plants can he adjusted by running
the machines 1ore slovlv. In lahor-intensive nlants, the alternatives of lay-
ing of f workers or slowing the work hace are particularly unattractive,

Lav-offs are exnensive or difficult in a country such as Indonesia,” where
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the lahor laws discourase the nractice. FAnd slovi-douns may result in

work hahits that are hard to chanae vhen rroduction is to he exranded aqain.
0f course, small fluctuations in demand may be handled out of an

inventorv manufacturad at constant output levels. Hcirever, in many cases,

the storace costs and the risks of product ohsolescence or deterioration will

severely Tinit the ahility of inventory to match a constant output to a

fluctuatirn derand.

If the insurance against errors in demand projections is attractive,
perhans the firms facina price comneotition should hehave the same as the
mononolists. However, the entrenreneur who is faced with keen price compe-
tition is vorried that his comnetitors may not saddle themsélves with the
insurance premiums in the form of hiqher production costs. In that case,
the insured firm faces a lonsided loss-gain situation. If the original
market forecasts turn out to be correct, the insured firm mav be driven
out of husiness hy those not saddled with the insurance costs. At worst, the
uninsured firm mav iss some ovpnortunities to profit from auick expansion of
his output. His resnonse, therefore, may he not to pav the insurance, and
to train a work force that is capable of producing at a Tevel on the low
side of his projected sales.

On the other hand, tﬁe firm with a mononoly rent that derives from
his inelastic demand curve mav he ahle to afford the insurance. le can bhear
the hicher production costs at the expected demand level and supply a larger
market or contract easily if the rmarket turns out to be above or below

that for which the plant was desianed to be optital.
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When the mononrolistic firm is vertically inteqrated, the qains in
beina ahle to respond to an unanticinated increase in demand may be larcer
than is indicated hv the profits of the operation under consideration. If
the oneration : is only an assembly, bottling, or packaging
plant, the increase in derand onens up the rossiblity of selling added
innuts from existing capacity in other plants. The output of these plants
will, as a rule, face declining costs. The desian of a foreign-owned
pharmaceutical nlant provides a good example. The plant makes tablets and
cansules from the products of factories elsevhere that are owned by the same
parent. The output of the capita1~intcnsive plant can be expanded easily
to meet urianticinated demand.' The incremental contribution to the multinational
system of nlants from the sale of a hit more chemicals is very high. The
hicher costs of the canital-intensive plant at the final stace can easily
he offset hy the additional profits that come from the use of more intermed-
jates from affiliated firms, if small increases in demand are encountered.

The second kind of insurance that a more capital-intensive plant may
offer is that.the chances of a liquidity crisis will be reduced. Managers
respondina to this kind of issue claimed that capital-intensive plants were
"cheaner in the lona-run," in spite of the fact that an economist would
conclude that the labor-intensive operation had lower costs. The managers’

behavior is, at least partly, a result of the imperfections in capital markets.



Consider the nossibility that a firm is confronted with monopolistic
profits for a few years, but fears the possibility that price competition
may become so severe in the future that prices will fall close to marginal costs.
In fact, prices may fall to the point that they anproach the marginal costs
of a capital-intensive manufacturer# rather than the higher marginal
costs of a labor-intensive firm. The entrepreneur in Indonesia was constantly
reminded of this possibility by some plants that had been closed as a result
of intense price comnetition.
Faced with this possibility, the businessman could behave in at
least two ways. He could build a labor-intensive plant with minimum costs
.and invest the incremental cash resultina from the lower costs during the
period of relatively hioch prices in assets that would yield a return. If
prices fell below his marginal cdsts Tater, he could close the plant. He
would still have an income from the assets that he obtained as a result of
his lower costs during the period of hiah prices. This income would,
presumably, be as great as the cash flow that the competition with a capital-
intensive plant would be generating out of staving in business. But two
factors make this strateqy unattractive. First, the businessman perceives a
high risk attached to alternative investment for his assets in imperfect
capital markets, and he is reluctant to withdraw from his basic business,
or to remain in a business with a cash deficit that would have to be subsidized,
An alternative strateay would be to borrow to build a more capital-
intensive plant at the beainnina, pav off the loan during the period of

high profits, and stay in the same husiness during the competitive period, as



lTona as prices remain above his low marginal costs. For many businessmen,
this strateoy arpears much more attractive than that of minimizing costs.
If intense price competition becomes a reality, the entreprencur can stay in
the same business without havina to make up a cash deficit. And he car
avoid the risk of having to invest assets in the capital market to cover
later losses.

Although the strateay that minimizes cash costs in the future appeared
to be more attractive to most Indonesian businessmen, generally the only
ones who could follow it were thoue who held a sufficiently monopolistic
position that they could bear the heavier burden of financing for the capital-

intensive plant until a loan could be repaid.
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Note that they were replacing intermediate equipment, for which most of
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would generally be higher than those calculated in the previous section.
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probably reflects the existence of a wider range of known, feasible tech-
nologics for light industries.



Table 1

Number of Plants, by Technolegy and Industrv

Industry
Technoloay Plas- Cica- Soft drink Bicvcle Flash- Woven Total
tic rettos bottiina 8 1ight hags
san- betjak batter-
dals tires jes
Capital 2 3 1 1 2 2 n
intcnsive
Intermediate 6 5 3 4 2 2 22
Labor
intensive n 3 2 1 4 N 10
8 N 6 6 8 4 43




Tahle 2
Number of Plants, by Technolcgy and

llationality of Investor]

Techroloay Naticnality of Investor
Foraian Domestic
Capital intensive 8 3
Intermediate 2 20
Labor intensive n 10

If any of the equity was held by a foroigner, the nlant was supposed
to be reaistered with the Forelan Investment Board. This reaistration
was the basis of classificaticn.



Table 3
Wages in Rupiahs] per day, hy Skill

Level and Nationality of Investor

Skill Legglz Nationality of Investor
Foreian Domestic Domestic
~ Tlstate)  {private)
Unskilled 314 227 123
Skilled 503 425 352

One U.S. dollar {s approximately 413 rupiahs.

Comparable jobs were taken in each industry. Industry-by-industry,
the same patterns of wage differences were evident.



Table 4

Anproximate Averame Retaid Price of Product

in
(Runiahs)
Indus trv )
Technolnoy P1aztic1 Cinaw—,) Soft T TR e TR FTashTTaht
Sanealg ! ettes Drinks 3)  Tipas 4 hatteries 5)
Capital on n "
intensive £ 7 A3 am 55
Intermediate AN 6N 36 35N 4n

1) One piece sandals, per paip.

2)  The most nonular brand, for each plant, nep nackaae of ‘2N, white ciaarettes

For the contents of a bottle, adjusted to reflect volume,
Wholesale

Size "p" (Um-1)
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Appendices

A. The Method of Classification

Classification of technology can be dune a number of ways. Most
popular, in studies at the macro level, is the use of capital-labor ratios.
In this study, the attempt to use capital-labor ratios at the firm level was
quickly discarded, because of several difficulties. The principal one was
the problem of finding an appropriate measure of the value of the capital
employed. The bookkeeping of the firms interviewed was not consistent. Dif-
ferent rates of depreciation were used. Purchase at different times led to
different values for undepreciated equipment. Book value sometimes seemed
to refle;t tax and duty considerations, especially when equipment was purchased
through a foreign affiliate. And books kept in rupiahs were useless, if the
life of the firm extended back into the period of rapid inflation in Indonesia.
Moreover, firms were hesitant to show their books. The second problem came
from the fact that the degree of vertical integration was not the same from
firm to firm., Although the number of workers could be adjusted, approximately,
to reflect a common level c¢f integration, the capital figures were terribly
difficult to disaggregate. An additional difficulty was accounting for the
"inferior technology" found in a few cases. In these instances, both the
capital and the labor required to produce a given output were greater than
that under some alternative technology. Although such technology was not
encountered in many cases, a mechanistic measvre might have distorted the

findings.

As a result of these difficulties, plants were classified principally

W



by the kind of equipment in use.l Some key processes were identified in
each industry that seemed to be good reflections of the level of automation
throughout the plant., These classifications were checked, to the extent
possible, by using labor-output ratios, where labor wac adjusted to comnar-
able levels of vertical integration. The labor-output ratios were crude,
but enabled some approximations to be made of the employment implications
of the various levels of technology.

The categories of technology ("capital intensive," "intermediate,"
and "labor intensive") are obviously rather arbitrary. To protect the con-
fidentiality assured the firms, some way had to be found to aggregate the
industries. The author hopes that thes reader will take it on faith that the

disaggregated data contained no surprises.

B, Clasgification

Cigarettes

Capital intensive: Use of 2000 per minute cigarette makers, and

machines for all stages of tobacco preparation. Average of 3 workers
per million cigarettes per month.

Intermediate: Use of 1300 per minute or slower cigarette makers. With
one'exception, some hand preparation of tobacco. Average of 6 workers
per million cigarettes per month,

Labor intensive: Hand rolling of cigarettes and primarily hand pfepara-

tion of tobacco. Average of 40 workers per million cigarettes per

month,
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Flashlicht Iatterics”™

Soft

Capital intensive: Linked conveyor system, most of parts assembled

by machine. Average of one worker per thousand batteries per day.
Intermediate: Unlinked conveyor system, some parts assembled by

machine. Average of one worker per thousand batteries per day.

Labor intemsive: Unlinked conveyor system or no conveyors, all assembly

by hand, Average of 12 workers per thousand batteries per day.

Drinks

Capital intensive: Automatic uncrating of bottles, loading of bottle

washer, and crating of bottles. Average of one worker per thousand
bottles per day.

Intermediate: Bottling machine, but crates unloaded and loaded by hand.

Average of 2.5 workers per thousand bottles per day. There was a con-

siderable difference between the top and bottom ends of this category.

Labor intensive: Hand washing and hand filling of bottles. Average

of 23 workers per thousand bottles per day.

Tires

Capital intemsive: Use of Banbury mixer, automatically timed curing

moulds, and completely power driven calenders. Automatic bead making
and bias cutting equipment, Unable to estimate average number of

workers,

Intermediate: Use of millers, partially hand driven calenders. Untimed

curing moulds. Semi-automatic or hand making of beads and bias cutting.

Average of 8% workers per 100 tires .per day.

Labor intensive: Most operations by hand. Average of 50 workers per

100 tires per dav.
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Woven Bags

Capital intensive: Use of 200 pick per minute automatic looms, one

operator per 4-6 looms.

Intermediate: Use of 150 pick per minute or slower looms, one operator

per loom,
Overall workers per unit output could not be calculated, due to the
use of different fibres, requiring different preparation.

Plastic Sandals

Capital intensive: Use of automatic injectors, requiring one to one

and a half operators per injector. Approximately 5 workers per thousand
sandals per day for simple sandals.

Intermediate: Semi-automatic injectors, with 2-5 operators each.

Approximately 20 workers per thousand sandals per day for simple

sandals,

C. Age and Scale of Plants

Two of the.difficulties encountecred in cross~sectional comparisons
of technology were minimal in this study: the inclusion of old plants along
with newv ones, and the problem of economies of scale.

Of the 43 plants studied, 20 went into production in 1965 or later.
Of the 23 plants that were established earlier, 9 had made substantial addi-
tions to their equipment since 1965. The more recently introduced tech-
nology was used as the basis of classification. Six of the remaining old
plants were in the cigarette industry. Although the foreign plants accounted
for the same percentage of old plants as they did of the whole core sample,

none were represented in the plants thuac had no major additions since 1965.



There was considerable overlap in the size of plants in the
capital- intensive and intermediate categories, In all but one of the
industries, there were plants using intermediate technology that had an
output that was at lcast as great as one of the plants using capital-intensive
technology. And in three of the industries, the capital-intensive plants
and the intermediate plants had several machines at the principal stage
However, the labor-intensive plants were generally

running side by side.

considerably smaller than their counterparts with a more advanced technology.

D. The Employment Implications

The following table gives crude estimates of the number of workers
that would be involved in the production of the output of the plants visited

if all were using the specified technology.

Tahle A-]
Numher of UWorkers Reauired in Yarious

Industries for Yarious Technnlooies

Tndustry .

Technolnay Cinarettes Flashliaht  Spft Tires Woven Plastic

hatteries drinks bans sandals
Capital 7,nN0 aga 270 - - 23N
intensive ’
Intermediate A,N1A8 1.302 AOR 1,27 - a0
Labar-inten- An, 20 5,5A8 A,417 7,10N - -

sive
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E. The Investrment per Worker

For the investment per worker saved by employing the intermediate

technology instead of the labor-intensive technology, the processes described

below were compared. In each case, the cost data were collected from firms

that wvere using the tcchnology and the number of machines and workers were

adjusted to reflect a given output level.

1.

Cigarettes: Use of second-hand 1300 per minute makers or
2000 makers, modified to handle clove mix, in comparison to
hand rolling, with a simple wooden roller. Second-hand
machines appeared to be readily available, from abroad or
from local pla?ts that were automating.

Flashlight batteries: Insufficient data available.

Tires: Insufficient data available.

Soft drink bottling: Use of a simple semi-automatic bottling

machine in comparison to hand filling of bottles.

For the incremeuntal investment per worker saved by employing the

capital-intensive technology instead of the intermediate, the following

processes were compared:

ll

Cigarettes: The use of new 2000 per minute makers in com-
parison to the use of second-hand 1300 per minute machines.
Plastic sandals: The use of autematic injectors in comparison
to the use of new semi-automatic injectors from Hong Kong.
Flashlizht batteries: The usc of an automatic conveyor
assembly system from Japan in comparison to the use of a

semi-automatic svsten from Japan.



6.

Woven bags: The use of fully automatic looms in compari-
son with the use of semi-automatic flat looms,

Soft drink bottling: The use of automatic crating equipment
in comparison with the use of manual crating,

Tires: Insufficient data available.



A-8

Footnotes to Appendices

If new cquipment had actually been orvdered, it was counted as being in use,

2

With the many steps iuvolved in tha making of batteries and the several
alternative processos, battery manufacture provided more of a continuum
of techuological alternatives than did the other industries.



